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We delve into the conditions under which a quantum dot thermoelectric setup may be tuned to
realize an optimal heat-to-pure-spin-current converter. It is well known that a heat-to-pure-spin-
current converter may be realized using a non-interacting quantum dot with a spin-split energy
spectrum under particle hole symmetry conditions. However, with the inclusion of Coulomb inter-
action U , ubiquitous in typical quantum dot systems, the relevant transport physics is expected to
be altered. In this work, we provide a detailed picture of thermoelectric pure spin currents at various
Coulomb interaction parameters U and describe the conditions necessary for an exact cancellation
of charge transport between energy levels  and their Coulomb-charged partner levels  + U , so as
to yield the largest terminal pure spin currents. A non-trivial aspect pointed out here is that at
sufficiently large values of U (≥ U0), pure spin currents tend to optimize at points other than where
the particle-hole symmetry occurs. It is also ascertained that a global maximum of pure spin current
is generated at a typical value of the interaction parameter U . These optimum conditions may be
easily realized using a typical gated quantum dot thermoelectric transport setup.
I. INTRODUCTION
Spin currents form an important aspect of energy ef-
ficient spintronic information processing [1]. Spin cur-
rents generated electrically, optically [1] or via thermo-
electric means [2] find direct applications in spin transfer
torque based magnetic switching [3–9], spin torque oscil-
lators [10–12] and domain wall manipulation [1, 13], to
name a few. Pure spin currents, or spin currents with-
out accompanying charge currents [14–18] are important
specifically for low power applications, allowing in some
cases the possibility of dissipationless spin transport [18–
20]. The efficient thermoelectric generation of pure spin
currents across low-dimensional systems is thus an im-
portant aspect of spintronic energy harvesting [2, 21].
While the topic of thermoelectric pure spin cur-
rent generation has been addressed in different kinds of
low dimensional systems [21, 22], zero-dimensional sys-
tems such as magnetic molecules [23, 24] and quantum
dots [25, 26] provide the most approachable test beds
to appreciate the related concepts theoretically. There-
fore, in recent works, the possibility of using a quan-
tum dot or a magnetic molecule as a thermoelectric
pure spin current generator or equivalently, a heat-to-
pure-spin-current (HPSC) converter has generated some
interest[24, 27, 28]. While the generation of spin polar-
ized currents is a topic of immense interest, and is specif-
ically carried out in the linear response regime [8, 29–31],
the generation of pure spin currents involves the cancel-
lation of charge transport as an extra constraint.
It is well known that an HPSC converter may be re-
alized using a non-interacting quantum dot with a spin-
split energy spectrum under particle hole symmetry con-
ditions [28]. However, the conditions under which an op-
timal HPSC converter may be realized is not well under-
stood. For example, it is expected that Coulomb inter-
action, ubiquitous in typical quantum dot systems, may
lead to non-trivial physics. Furthermore, the role of con-
tact polarization in the setup is also not very obvious.
The objective of this work is to hence provide a detailed
picture of pure spin currents at various Coulomb inter-
action parameters U and describe the optimal conditions
that yield the largest terminal pure spin currents.
The starting point to visualize a thermoelectric pure
spin current is via a spin split energy level connected to
the contacts, which may in general be magnetic, as shown
in Fig. 1(a). The spin-splitting may be realized via an ex-
ternal magnetic field in the case of a non-magnetic quan-
tum dot [28], and via internal anisotropy fields in the
case of a magnetic molecule [24]. In the non-interacting
case, when the setup is gate tuned to particle-hole sym-
metry, an equal and opposite flow of the up and down
spin currents result. This leads to a zero charge current
and hence a pure spin current, as already noted in earlier
works [24, 27, 28]. In the presence of Coulomb inter-
action U , the four transitions in the Fock space shown
in Fig. 1(b), result in additional transport channels as
depicted in Fig. 1(c). The presence of these additional
correlated transport channels will introduce typical non-
trivialities as a result of Coulomb interaction, to be dis-
cussed in detail here.
In our detailed consideration of the above setup, we
first demonstrate that an optimal performance is ob-
tained when the contacts are non-magnetic. Turning to
the role of the Coulomb interaction U , a non-trivial as-
pect pointed out here is that at sufficiently large val-
ues of U(≥ U0), pure spin currents tend to optimize at
points other than where the particle-hole symmetry oc-
curs. The fact that there exist pure-spin current points
other than the point of particle-hole symmetry is corrob-
orated by analyzing the conditions for an exact cancella-
tion of charge transport between the energy levels  and
their Coulomb-charged partner levels  + U . It is also
ascertained that a global maximum of pure spin current
is generated at a typical value of the interaction parame-
ter U . The optimal conditions derived in this paper may
be realized using a typical gated quantum dot transport
setup [26, 32].
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2FIG. 1. (a) Generic quantum dot thermoelectric setup with
spin-split levels ↑ and ↓ which are weakly coupled to the
contacts that may in general be ferromagnetic in the collinear
configuration. The battery indicates a possible charge volt-
age bias. The right contact is at a hotter temperature. A
gate voltage VG directly translates the energy spectrum with
a magnitude proportional to its electrostatic coupling to the
setup. (b) Fock space picture of the system in (a), with four
occupation levels. The annotations ’Spin Up/Down’ indicate
the type of electron spin represented by the transition between
the relevant states. (c) The single-particle representation of
(b), with two transport channels ↑/↓ and their Coulomb
charged ‘partner’ channels. The source drain bias is 0 and
energies are defined with the reference µL = µR = µ = 0.
The electronic distribution in the contacts is described by
the Fermi-Dirac distribution at their respective temperatures,
which is schematically depicted as the blue curve in the left
contact and the red curve in the right contact respectively.
II. SETUP AND FORMULATION
Our setup consists of an interacting single quantum
dot coupled weakly to contacts which are maintained at
temperatures TL and TR with TR > TL as depicted in
Fig. 1(a). The contacts may be ferromagnetically polar-
ized also, in which case, we assume a collinear config-
uration. The theoretical description of transport in our
setup begins by defining the overall Hamiltonian Hˆ which
is usually written as Hˆ = HˆD+HˆC +HˆT , where HˆD, HˆC
and HˆT represent the dot, reservoir and reservoir-dot
coupling Hamiltonians respectively. In this paper, we use
a non-magnetic quantum dot modeled as a single orbital
Anderson impurity described by Hamiltonian:
HˆD =
∑
σ
σnˆσ + Unˆ↑nˆ↓, (1)
where σ represents the orbital energy, nˆσ = dˆ
†
σdˆσ is
the occupation number operator of an electron with spin
σ =↑, or σ =↓, and U is the Coulomb interaction en-
ergy between electrons of opposite spins occupying the
same orbital. The resulting four Fock-space states are
|0〉, |↑〉, |↓〉 and |↑↓〉, labeled by their many-electron eigen-
energies 0, ↑, ↓, and ↑ + ↓ + U respectively. Specific
to our setup, based on the Fock space picture schemat-
ically shown in Fig. 1(b), the degeneracy between the
single electron levels ↑ and ↓ may be broken by the
application of an external magnetic field or due to the
presence of internal anisotropy fields, such as, in the case
of magnetic molecules [23]. The contact Hamiltonian is
given by HˆC =
∑
α=L,R
∑
kσα
αkσα nˆαkσα , where α la-
bels the left/right reservoir (L or R in our case) and the
summation is taken over the single particle states labeled
{kσα}, and σα = ± denotes the majority and minority
spin orientation in the contacts. The tunneling Hamil-
tonian that represents the dot-contact coupling may in
general be written as:
HˆT =
∑
αkσα
(
tαcˆ
†
αkσα
dˆσα + t
∗
αdˆ
†
σα cˆαkσα
)
(2)
where (cˆ†, cˆ) and (dˆ†, dˆ) are the creation/annihilation
operators of the reservoir states labeled {kσα} and of
the quantum dot one particle states respectively, and
tα denotes the tunneling matrix element. At energies
close to the Fermi level, metallic contacts can be de-
scribed using a constant density of states, parameter-
ized using the bare-electron tunneling energies γα =∑
kσ 2pi|tαkσ,s|2δ(E − kσ), with (α = L/R) represent-
ing the left or right contact. In the case of ferromag-
netic contacts, one often uses a Stoner model [33, 34]
to obtain spin resolved tunneling energies for the major-
ity (minority) bands, or equivalently the ↑ (↓) bands as
γσα =
∑
k 2pi|tαkσ,s|2δ(E − kσ), where σ =↑ (↓). The
contacts are then characterized by lead polarizations pα,
defined as
pα =
γ↑α − γ↓α
γ↑α + γ↓α
. (3)
A. Charge and Spin currents
Most quantum dot experiments [25, 32] are performed
in the weakly coupled sequential tunneling limit. Hence,
in this limit, i.e., when the energy scale associated with
the bare electron tunneling rate γσα of either contact
α = L/R is much smaller than the ambient temperature
(γσα << kBT ), the transport is described by the master
equation approach [35–38], and more generally by the
density matrix approach [34, 39–42] in the Fock space of
the quantum dot Hamiltonian.
Specific to our setup, due to the collinear configuration
considered [38, 39], one solves a set of master equations
for the non-equilibrium probabilities P1, P2, P3 and P4 of
the four Fock space states |0〉, |↑〉, |↓〉 and |↑↓〉 given by:
dPi
dt
=
∑
j
(−Ri→jPi +Rj→iPj), (4)
where the index j runs over states that encompass the
possible transitions from the state labeled by the in-
dex i. The tunneling transition probabilities or sim-
ply transition rates are Ri→j between states |i〉 and |j〉
3that differ by an electron number such that Ri→j =∑
α=L,R
γσα
~ f
(
aσij −µα
kBTα
)
for transitions representing the
addition of an electron with spin σ =↑ (↓), and Ri→j =∑
α=L,R
γσα
~
[
1− f
(
rσij −µα
kBTα
)]
for transitions representing
the removal of an electron with spin σ =↑ (↓). The con-
tact electrochemical potentials and temperatures are re-
spectively labeled as µα and Tα, and f is the correspond-
ing Fermi-Dirac distribution function with the single par-
ticle removal and addition transport channels for a given
spin σ =↑ (↓), given by rσij = Ei−Ej and aσij = Ej −Ei
respectively.
Applying the formalism described above, the charge
(spin) current through the dot is given by the sum (dif-
ference) of the currents carried by the up-spin (σ =↑)
channels and the down-spin (σ =↓) channels, which are
individually depicted in Fig. 1(c). The steady-state up
spin (down spin) current associated with either contact
may be formulated by setting dPidt = 0 in (4), to obtain
the steady state probabilities Pi, following which we have
Iα↑(↓) = −q
∑
i
∑
j>i
(R
α↑(↓)
i→j Pi −Rα↑(↓)j→i Pj), (5)
with Pi’s representing the steady state probabilities ob-
tained, and and q being the electronic charge. The tran-
sition rate R
α↑(↓)
i→j represents an allowed up spin (down
spin) transition associated with contact α = L/R and
the summation runs over all the possible addition (re-
moval) transitions dictated in the Fock space. Specific
to our setup, the net up-spin current is given by the sum
over the transitions represented by the transport chan-
nels ↑ and ↑ + U , while the net down-spin current cor-
responds to that represented by the transport channels
↓ and ↓ + U .
III. OPTIMIZING PURE SPIN CURRENTS
We first attempt to understand the role of contact po-
larizations in optimizing the magnitude of the terminal
spin currents. One may compute charge and spin cur-
rents using (5) for various values of lead polarizations pα.
Analyzing electron transport using the above formalism,
it is seen that, while spin polarized current magnitudes
in general are larger when the quantum dot is coupled
with ferromagnetic contacts, the value of the pure spin
current diminishes with increasing contact polarization.
In Fig. 2, we depict the pure spin current magnitudes
as a contour plot for U = 1.5kBT for a complete range
of contact polarizations −1 ≤ pL, pR ≤ 1. It is seen
that pure spin current is largest for pL = pR = 0.
This is because at larger contact polarizations, charge
transport becomes increasingly spin polarized, to the
point where charge and spin currents are identical
when pL = pR = ±1, giving rise to a highly spin
polarized current but no pure spin current. Since our
intention is to maximize pure spin currents, we shall
FIG. 2. Contour plot of pure spin current produced at lead
polarizations pL and pR, where the spin-dependent strength
of contact coupling is γ(1±pL/R). An external magnetic field
B = 1 T is applied. The legend depicts the spin current in
picoamperes (pA) at each contour. It is seen that the pure
spin current is maximum for pL = pR = 0, i.e. for non-
magnetic contacts.
henceforth consider only non-magnetic contacts such
that γ↑α = γ
↓
α = γ := (γ
↑
α + γ
↓
α)/2 for α = L,R. We set
γ = 5 µeV here.
Using (5), and defining f ≡ fL − fR, it can be shown
that the steady-state up and down spin channel currents
I↑/↓ are given by
I↑ = −qγ~ {f(↑)(P1 + P2) + f(↑ + U)(P3 + P4)} (6)
I↓ = −qγ~ {f(↓)(P1 + P3) + f(↓ + U)(P2 + P4)}. (7)
The charge current may be calculated as I = I↑+ I↓ and
the spin current as Is = I↑ − I↓. A pure spin current
is generated in the quantum dot when the up-spin and
down-spin currents are equal in magnitude but opposite
in sign. It was pointed out in earlier works [27, 28], that
this setup may be tuned to generate pure spin currents
by applying an appropriate gate potential VG as shown
in the schematic of Fig. 1(a).
It was also pointed out that for relevant contact tem-
peratures TL/R, a pure spin current is generated at the
particle-hole symmetry point [28] corresponding to a gate
potential energy of −U/2, where U is the Coulomb charg-
ing energy. This may be understood as follows: At  =
−U/2, we have the two energy levels at ↑/↓ = −U/2± δ,
where δ = 12gµBB. Their corresponding ‘Coloumb-
charged’ partner levels are located at ↑/↓+U = U/2± δ
(see Fig. 1(c)). When the spin down level is conducting
at −U/2−δ, its Coulomb charged partner (spin up) level
conducts at U/2 + δ. Since these two levels are located
symmetrically about µ = 0, they conduct equal amounts
of current in opposite directions. Similarly, when the
spin up level conducts at −U/2 + δ, its Coulomb charged
4partner (spin down) level conducts at U/2− δ, which are
symmetric about µ = 0 as well. Therefore, the net charge
current conducted at  = −U/2 is zero regardless of the
value of U .
In the discussion to follow, we will first show that while
a pure-spin current is indeed generated at the particle-
hole symmetry point, this may not be the only point if
U is sufficiently large. Further, we show that the mag-
nitude of the spin current generated at the particle-hole
symmetric point in such a case would be smaller than
that of the other points where the pure-spin current is
generated. We then discuss the relationship between U
and the average contact temperature for such a condition
to arise.
In Figs. 3(a), 3(b) and 3(c), we depict the charge
(blue) and spin (red) currents versus gate potential en-
ergy  for various values of U in the absence of an ap-
plied bias, i.e., µL = µR = 0. We assume the spin
accumulation to be negligible here, which would be the
case when the non-magnetic contacts have a conductiv-
ity much higher than the linear response conductivity of
the quantum dot. The plots in Fig. 3(a) correspond to
U = 0. The first straightforward result is that in the
non-interacting case, pure spin currents are generated at
 = −U/2 = 0, because the two levels ↑ = δ = −↓ con-
duct equal currents in opposite directions simultaneously
leading to zero charge current.
Since any realistic quantum dot transport setup [25,
32] has a non-zero and finite U , we shall focus on the in-
teracting setup in the rest of the paper. Consider the sce-
nario depicted in Fig. 3(b) for U = 3 meV, where it is seen
that the particle-hole symmetry point of  = −U/2 yields
a zero charge current and a pure spin current. Here, the
temperature gradient is set based on the Carnot efficiency
of η = 20% [26], such that TR = 20 K and consequently
TL = (1 − η)TR = 16 K. For a better analytical treat-
ment, the spin current Is may be simplified in the case
of  = −U/2 using the relation ↑ + ↓ + U = 0 to yield
Is(−U
2
) = −qγ
~
{f(↑)−f(↓)+{f(↑)+f(↓)}(P3−P2)}
(8)
where f ≡ fL − fR. At  = −U/2, the probabilities
may be analytically obtained by solving the rate equa-
tions, given the symmetry in our case. By expanding the
Fermi-Dirac distributions in (8) using the Taylor approx-
imation, given gµBB  kBT with T = (TL + TR)/2 and
∆T = TL − TR, it can be shown (see Appendix) that
Is(−U
2
) ≈ −qγ
~
·2δ∆T
T
·f0(1− f0)
kBT
·{1+ U
2kBT
− U
2kBT
f0},
(9)
where δ = gµBB and f0 is the Fermi-Dirac distribution
evaluated at T and  = −U/2. Several interesting points
may be made from this analysis. To begin with, one
may show that if U is sufficiently large, the pure spin
current is not a maximum at the point of particle-hole
symmetry, i.e., at  = −U/2. Indeed, there exist two
other points where pure spin currents which are larger
FIG. 3. Spin currents versus gate potential energy. (a) and
(b) The top panel depicts the spin current and the bottom
panel, the charge current for U = 0 and U = 3 meV respec-
tively. Note that since these values of U are less than 2.4kBT ,
there is only one point where charge current is zero and hence
the spin current is maximum. (c) The same plots for U = 8
meV > 2.4kBT . We can see three optima in the spin current
panel: one at  = −U/2 (a minimum) and two other points
where the spin current is maximum. Note the transition from
maximum to minimum spin current at  = −U/2 from cases
(a-b) to (c). Since we are interested in pure spin currents,
these are obtained at  = −U/2 and  = −U/2 ±D, marked
by dotted black lines in the figure.
in magnitude than that at  = −U/2. This scenario is
depicted in Fig. 3(c) for U = 8 meV, TL = 16 K and
TR = 20 K. Using elementary perturbation techniques to
the spin current at  = −U/2 from (9), by computing its
inflection point in , one can show that such a transition
(for small η) from having one zero of the charge current
(such as in Fig. 3(b)) to having three zeros of the charge
current (Fig. 3(c)) occurs at
U0 ≈ 2.6kBT (10)
Therefore, the crucial point to note here is that the op-
timal gate potential energy that generates the maximum
pure spin current equals the negative half of Coulomb
charging energy, only when U ≤ U0 for relevant contact
temperatures.
A. The optimal points
In order to understand this transition in behavior
across U = U0, we turn to Fig. 4. Heuristically, for
µL = µR, electron transport through a level positioned
at x is given by the difference |(fL − fR)(x)|, with the
sign depending on the location of x with respect to the
electrochemical potential µL/R. For purposes of comput-
ing charge currents, instead of considering the spin split-
ting of the levels ↑/↓ and their Coulomb-charged partner
5FIG. 4. Heuristic explanation for the spin current behavior
in Fig. 3 (b-c). Current through a level positioned at x is
approximately modeled by (fL − fR)(x). In the one particle
picture, the difference in energy between the mid-points 
and  + U equals U , which must correspond to the points
with equal values of fL − fR in order to cancel the charge
current. (a) Single particle picture for small U , and (b) a plot
of |fL − fR| depicting the only possible configuration where
currents through the levels below µ and above µ are equal in
magnitude and opposite in sign, i.e., at  = −U/2. (c) The
single particle picture for larger U , and (d) a plot of |fL−fR|
showing that there are three possible configurations where
points separated by U have equal values of the aforementioned
function. Note that the set of points other than  = −U/2 lie
along the same straight line due to the symmetry of |fL−fR|.
However, the double-arrows have been shown slightly skewed
to indicate the presence of two distinct values of  where the
charge current has zero magnitude.
levels ↑/↓ + U , we could analyze the mid points  and
 + U . These two levels are separated by U along the
-axis. This scenario is depicted in Figs. 4(a) and 4(c),
with their plots of |fL − fR| in Figs. 4(b) and 4(d), re-
spectively. Note that |fL− fR| is symmetric about  = 0
since µL = µR = 0. In order to cancel out charge cur-
rents, we need a point on the -axis to the left of  =
0, and one to the right of  = 0 (Figs. 4(b,d)), since
these conduct in opposite directions. When U is suffi-
ciently small, it is seen (Figs. 4(a-b)) that there is only
one possible configuration where two points on the op-
posite sides of  = 0, separated by a distance U , have
an equal value of |fL − fR|. This point is  = −U/2
(and  + U = U/2 = −), since |fL − fR| is symmetric.
However, for large values of U (Fig. 4(c-d)), there are
two other points in addition to  = −U/2 where points
separated by a distance U have equal values of |fL−fR|.
Approximately, one would expect this change of behavior
to occur when U crosses over the maxima of |fL − fR|
(see Fig. 4(b,d)). Indeed, the distance between the max-
ima of |fL − fR| is about 3kBT , while a more detailed
calculation gives this transition point as U0 = 2.6kBT .
The proximity of these two values justifies the heuristic
FIG. 5. (a) Maximum pure spin current for various values
of U . The optimal choice of U is denoted by the black line.
The dotted red line for low U indicates the region where se-
quential tunneling approximation may be invalid, specifically
when γα ≈ U, kBT . (b) Plot of D/U vs. U/kBT , where the
additional zeros of charge current occur at  = −U/2 ± D.
Note that D → U/2 for large U .
explanation considered here.
Let us first consider the case of U ≤ U0. In this sce-
nario, there is a single zero of charge current which is
simultaneously the maximum of pure spin current. How-
ever, the pure spin current is not equal for all values of
U ≤ U0. To obtain the maximal pure spin current at
this point of particle-hole symmetry, one can maximize
Is(−U/2) (see Eq. (9)), such that for small η, the maxi-
mum pure spin current is generated at
Um ≈ 0.92kBT (11)
A plot of the pure spin-current at the particle hole sym-
metry point versus U/kBT is shown in Fig. 5(a), depict-
ing this discussion.
On the other hand, when U ≥ U0, the charge current
is zero at three points, i.e.,  = −U/2 and  = −U/2±D
(the two other points are equidistant from  = −U/2 due
to the symmetry of transport across µL/R = 0), where
D/U is plotted in Fig. 5(a) as a function of U/kBT . An
analytical approximation to D can be obtained as
D ≈
√
0.24(U − U0)2 + 1.4(U − U0)kBT , U ≥ U0.
Therefore, the other two zeros of the charge current arise
only for U ≥ U0. For U  U0, it can be seen that
D ≈ √0.24(U − U0)2 ≈ √0.24U2 ≈ U/2, which means
that charge current goes to zero at  = 0 and −U in ad-
dition to  = −U/2. While pure spin currents may be
tapped at any of  = −U/2 and  = −U/2±D, it is clear
from Fig. 3(c) that the pure spin currents at the latter
two gate energy points are higher. Thus, when U ≥ U0,
pure spin currents are maximized at points other than
where the particle-hole symmetry occurs.
We have thus described the optimization of pure spin
currents for different values of the Coulomb interaction
parameter U by making appropriate choices for the gate
potential energy . We discussed the transition in be-
havior of the charge and spin currents around U = U0
and its impact on our choice of gate potential energy to
6produce optimal pure spin currents. For U ≤ U0, one
ought to bias the system at the particle-hole symmetric
point  = −U/2, while for U ≥ U0, the optimal choice is
to bias the system at  = −U/2 ±D. In particular, the
point  = −U/2 becomes a local minimum for the pure
spin current for U > U0.
IV. DISCUSSION
Our analysis above has been based on the evaluation
of non-equilibrium charge and spin currents without any
mention of thermodynamic efficiency. In the field of
charge based thermoelectrics, it is often the case that a
linear response analysis [26, 43] is used as a substitute for
actual non-equilibrium transport calculations. In such an
analysis, one analyzes the linear response parameters re-
lated to the electric and heat currents. It is then custom-
ary to define a figure of merit zT [43] that directly relates
to the maximum efficiency by using the linear response
parameters as zT = S
2σT
κ , where S, σ, κ and T are
the Seebeck coefficient, electronic conductivity, thermal
conductivity and the operating temperature respectively.
This is based on the calculation of maximum efficiency of
a simple circuit [43] consisting of the thermoelectric de-
vice and a resistive load. It is thus tempting to draw an
inspired analogy in the case of spin based thermoelectrics
[27, 30] and define a spin figure of merit zsT =
S2s |σs|T
κ ,
where Ss is the spin-Seebeck coefficient and σs is the spin
conductivity.
While such an analogy might work in a case where the
spin polarized current eventually drives a charge current
based load [44], reproducing the derivation for such a
figure of merit in the case of a pure spin circuit is com-
plicated by two factors. One, since the spin current de-
cays within the metallic contact, an additional resistance
plays a role in finding the efficiency. Two, the ‘load’ in a
spin circuit is often a magnetic logic device, for instance,
a nanomagnet whose magnetization direction needs to be
flipped or maintained at a particular micromagnetic or-
bit. This cannot be approximated by a resistor; in other
words, the energy consumed by such a device is often
a complicated function of the spin current supplied as
well as the trajectory taken by the magnetization vector.
Therefore, a zsT derived from a spin circuit modelled as
a spin thermoelectric device with a spin-resistor (analo-
gous to the charge circuits) is unlikely to be sufficient to
be a figure-of-merit of any real setup.
V. CONCLUSION
In this paper, we have analyzed a quantum dot based
heat-to-pure-spin-current converter in relation to the
generation of maximal terminal pure spin currents. We
provided a detailed picture of thermoelectric pure spin
currents at various Coulomb interaction parameters U
and described the conditions necessary for an exact can-
cellation of charge transport between energy levels, so as
to yield the largest terminal pure spin currents. A non-
trivial aspect pointed out here was that at sufficiently
large values of U (≥ U0), pure spin currents tend to op-
timize at points other than where the particle-hole sym-
metry occurs. It was also ascertained that a global max-
imum of pure spin current is generated at a typical value
of the interaction parameter U . These optimum condi-
tions may be easily realized using a typical gated quan-
tum dot thermoelectric transport setup [25, 32]. Apart
from demonstrating numerous non-trivialities with re-
spect to pure spin current optimization, we have also at-
tempted to connect with the linear response picture. We
believe that making a connection with conventional lin-
ear response wisdom inspired from charge based thermo-
electrics is a bit misguiding, specifically when the topic of
utilizing pure spin currents is concerned. Such an anal-
ysis might make sense if one re-converts a spin polarized
charge current back to charge current, such that the en-
tire setup mimics the objective of a charge thermoelectric
setup [44]. It would be an interesting venture to quan-
tify a figure of merit specifically focussed on utilizing the
pure spin current for performing a particular micromag-
netic operation, such as the flipping of an ultra thin mag-
net. Whether such a figure of merit is possible and sig-
nificant merits a detailed consideration of the composite
setup comprising the quantum dot thermoelectric device,
metallic leads and a micromagnetic spin-load.
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Appendix A: Approximation for spin currents at the
electron-hole symmetry point
We begin with
Is(−U
2
)− qγ
~
{f(↑)− f(↓) + {f(↑) + f(↓)}(P3−P2)}.
(A1)
At  = −U/2, the probabilities assume analytical forms
due to the symmetry in the energy levels about µ. One
may check that
P2 =
F↑F↓ − 2F↑
F↑ + F↓ − 4
P3 =
F↑F↓ − 2F↓
F↑ + F↓ − 4 ,
where Fσ = fL(σ) + fR(σ), f ≡ fL − fR and σ =
+ σgµBB = + σδ. Next, we expand
f(σ) ≈ f() + σδ ·
(df
d
)
.
7Since there is no applied bias and the levels  are defined
with µ = 0 as the reference, we have
f(σ) ≈ 0+
(− df0
d
) 
T
∆T+σδ ·∆T
T
{(− df0
d
)
+
(− d2f0
d2
)
}
(A2)
using the first order derivative approximations. Here f0
is simply the Fermi Dirac function evaluated at . The
latter two terms are derived by substituting the approxi-
mation for f used in the first two terms into df/d. Since
we have
−df0
d
=
f0(1− f0)
kBT
d2f0
d2
=
f0(1− f0)(1− 2f0)
(kBT )2
,
we use (A2) and the above expressions to get
f(↑)− f(↓) = 2δ∆T
T
f0(1− f0)
kBT
(1− 1− 2f0
kBT
)(A3)
f(↑) + f(↓) =
∆T
T
f0(1− f0)
kBT
. (A4)
Finally, we obtain
P3 − P2 = 2(F↑ − F↓)
F↑ + F↓ − 4 .
To approximate Fσ, we note that
Fσ = fL(σ) + fR(σ) = 2f0 + 2σδ · df0
d
,
where f0 is directly used as an approximation since the
temperature difference on the L/R contacts cancel off
upon adding their Fermi distributions. Therefore,
P3 − P2 = 8δ(df0/d)
4f0 − 4 = −
2δf0(1− f0)
kBT (f0 − 1) =
2δf0
kBT
. (A5)
Now, plugging Eqs. (A3), (A4) and (A5) into (A1), and
replacing  with −U/2, we obtain
Is = −2δ∆T
T
{f0(1− f0)
kBT
(1 +
(1− 2f0)U
2kBT
) +
f20 (1− f0)U
2(kBT )2
}
= −qγ
~
· 2δ∆T
T
· f0(1− f0)
kBT
· {1 + U
2kBT
(1− f0)}, (A6)
which is the desired expression. It should be noted that
f0 ≡ f0(−U2 ) at this point. Therefore, the entire expres-
sion is a function of the reduced parameter U/kBT . One
may then perform maximization or calculation of inflec-
tion point for this expression to obtain U0 and Um as
described in the main text.
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